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METHOD OF MEASURING DUTY CYCLE 
BACKGROUND OF INVENTION 

1. Field of Invention 

This application relates generally to automatic test equipment and more 
specifically to measuring duty cycle with automatic test equipment. 

2. Discussion of Related Art 

In the manufacture of electronic components, such as semiconductor chips, there 
is often a need for measuring parameters of electrical signals. By comparing the 
measured parameters to expected values, components operating incorrectly can be 
detected. While a component is being designed, detecting incorrect operation can 
provide information to allow the design to be improved. 

During manufacture, every component made is often tested at least once. 
Sometimes, semiconductor components are tested while still part of a wafer or at some 
intermediate stage of the manufacturing process. Components operating incorrectly at 
this intermediate stage might simply be discarded to save the cost of further processing. 
Other times, the results of testing are used to alter the manufacturing operation to reduce 
the number of defective components. For example, yield management software 
aggregates failures found in many components to identify manufacturing equipment that 
is out of calibration or other problems in the fabrication of the components. By altering 
the manufacturing process to remove these problems, the process yields a higher 
percentage of fully functioning components. 

Results of testing can also be used to alter the manufacturing operation in other 
ways. For example, components operating incorrectly might be altered to operate 
satisfactorily, such as with laser trimming or built in calibration circuitry. Alternatively, 
testing might be used for "binning" the components. Components that do not perform as 
expected under certain test conditions might perform adequately under other, less 
stringent, conditions. For example, components that operate incorrectly at a temperature 
of 125°C might perform adequately at 105°C. These components might be marked and 
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packaged for sale at a lower temperature range. Likewise, components that do not 
operate correctly at high clock rates might meet all operational requirements at a lower 
clock rate. These components might be sold for operation at the lower clock rate. 
Assigning components maximum operating rates as the result of testing is sometimes 
5 called "speed binning." 

Automatic test equipment, sometimes called a tester, is designed to rapidly test 
semiconductor components. To economically test every component being manufactured, 
automatic test equipment must run a complete set of tests on a component in a short 
period of time, such as a few seconds. Automatic test equipment often includes a 
10 plurality of digital channels that each can either generate or measure a digital signal for 
one test point. 

The tester runs "patterns." A pattern is a program that causes the tester to 
perform a test or tests. The pattern contains a sequence of vectors. Each vector specifies 
the operation of all the digital channels during one cycle of the tester's operation. The 

15 tester executes the vectors in rapid succession to create the desired sequence of stimulus 
signals and measurements. The timing of the vectors can be controlled to set the speed at 
which a component under test operates during the test. 

Each vector specifies for each channel whether, during a particular cycle, that 
channel is to generate a signal or measure a signal. Where the channel is to generate a 

20 signal, the vector specifies whether the signal should have a logical value of HI or LO. 
Conversely, when the channel is to measure a signal, the vector specifies the expected 
value of the signal. The channel outputs a fail signal if the measured signal does not 
have the expected value when measured. 

A tester may also be programmed to control other operating parameters. For 

25 example, the voltage levels corresponding to a logical HI or a logical LO signal can 

usually be programmed. Further, the timing at which events occur within a cycle can be 
programmed. The time at which the channel should apply an output value can be 
programmed relative to the start of the cycle. Likewise, the time at which the channel 
should sample the signal to measure its value can also be programmed relative to the 

30 start of the cycle. The time at which a sample should be made is sometimes called the 
"strobe" time. 
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The tester includes failure processing circuitry that captures the fail signals 
generated by the channels. This information about failures is used to identify defective 
components or as an aid in diagnosing problems with the design of the component or the 
manufacturing operation used to make the component. One simple function that the 
5 failure processing circuitry can perform is to count the number of failures in each 
channel during a pattern. 

The digital channels are designed for generating and measuring digital values. 
Traditionally, testing using digital channels indicates whether the device is outputting a 
logic HI or logic LO at a time when an output is expected. Testers often include 
10 "instruments" for generating or measuring analog signals. For example, an arbitrary 
waveform instrument generates an analog signal that has a waveform that can be 
programmed with almost any shape. Other instruments might rapidly sample an analog 
signal and perform advanced signal processing functions on the captured samples, such 
as to find a power spectral density or other characteristics of an analog signal. Yet other 
15 instruments might measure jitter in a signal. 

One parameter of a signal that might be desirable to measure is the duty cycle of 
a clock signal. Traditionally, the duty cycle has been measured using bench-top 
instruments, such as oscilloscopes. Such measurements are not suitable for use in a 
manufacturing process where components must be quickly tested. Heretofore, the duty 
20 cycles of components have generally been "guaranteed by design," meaning that the 
component was designed to produce a signal with a certain duty cycle, but each 
component manufactured was not tested to verify that it complied with the design. 

We have recognized that this approach is likely to be less suitable for purchasers 
of semiconductor components as semiconductor components operate at higher speeds. 
25 Generally, the range of expected duty cycle for a properly functioning component is 

specified as a percentage of the clock period. As clock frequencies increase, the periods 
get smaller and the acceptable deviation in the duty cycle is smaller. With a smaller 
acceptable deviation, testing is more likely to be required to ensure all components 
manufactured meet the specification. Trimming, calibration or speed binning are more 
30 likely to be needed to provide components meeting the required specification. We have 
recognized that it would be desirable to provide a simple and fast way to measure duty 
cycles of components during their manufacture without requiring a special instrument. 
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Heretofore, some analog parameters have been measured without special 
instruments. The digital channels of the tester are sometimes programmed to make 
analog type measurements. One example is an "edge find" routine, sometimes called a 
"timing search." "Edge find" identifies the time at which a signal transitions through a 
predefined voltage (i.e. an edge), such as a digital signal transitioning from one state to 
another. 

To perform an edge find, the signal is applied to a channel in the tester. The 
applied signal must contain periodic copies of the edge. Periodic copies of the edge are 
inherently contained in a periodic signal, such as a clock. Where the signal is not 
inherently periodic, a periodic signal can be generated by repetitively generating the 
portion of the signal containing the edge. Where the edge find routine is performed by a 
tester, a component under test can be controlled to repetitively generate a portion of a 
signal by repetitively executing an entire test pattern or alternatively by looping through 
a subset of the test pattern. 

As an example of an edge find measurement on one test vector, the digital 
channel receiving the signal is programmed to measure the value of the signal and to 
expect the value to be a logical LO. The channel is programmed to recognize as a LO 
signal any signal with a value below a threshold voltage. The threshold is set to be near 
the mid-range of the edge. When the value of the signal is above this threshold* the 
channel indicates the measurement "failed." Conversely, the channel indicates a pass 
when the voltage of the signal is below the threshold. 

This measurement provides information about the value of the signal at one 
strobe time. In an edge find routine, measurements are repeated for many strobe times. 
The strobe time is incremented for successive measurements, in a search for two strobe 
points with a specific time difference that report different results (e.g. one reports pass, 
and the other reports fail). The time difference between these strobe points is often 
described as the measurement resolution, because the signal transition is known to occur 
somewhere between these two points. Multiple search algorithms have been applied 
with a goal to find the transition point at a desired resolution with a minimum number of 
strobe points. 

While such a technique is useful, there still exists a need for a way to quickly and 
at low cost measure the duty cycle of a signal. 
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SUMMARY OF INVENTION 
The invention relates to an improved method of measuring duty cycle of a signal. 
In one aspect, the invention a method of measuring duty cycle of an interval of a 
5 signal that includes providing as an input signal repetitions of the interval of the signal 
and making a plurality of comparisons of the value of the input signal to a threshold at 
controlled times relative to the start of a repetition of the interval. As part of making the 
plurality of comparisons, the controlled time is varied. The duty cycle is computed based 
on the number of comparisons having a value a predetermined range relative to the 
10 threshold. 

In another aspect, the invention relates to a method of measuring the duty cycle 
of a signal using automatic test equipment that can be programmed to run test patterns. 
The method is useful in connection with automatic test equipment that has: i) a timing 
generator that generates strobe signals at programmable times; ii) a comparator that may 

15 be programmed to make a comparison of the value at its input to an expected value at 
times controlled by strobe signals from the timing generator; and iii) failure processing 
circuitry coupled to the output of the comparator that may be controlled to count the 
number of comparisons indicating that the value at the input of the comparator deviates 
from the expected value during a pattern. The method includes providing the signal as 

20 an input to the comparator; running a pattern with the timing generator programmed to 
produce strobe signals with a first time relationship to the signal, the pattern 
programming the expect value of the comparator to be a value indicating that the signal 
is in a first logical state; at the end of the pattern, recording the count of comparisons 
made by the failure processing circuitry indicating that the value at the input of the 

25 comparator deviates from the expected value; and iteratively altering the programming of 
the timing generator to produce strobe signals with a different time relationship to the 
signal, re-running the pattern and recording the count of comparisons indicating that the 
value at the input of the comparator deviates from the expected value made by the failure 
processing circuitry. The duty cycle is computed from the total number of comparisons 

30 indicating that the value at the input of the comparator deviates from the expected value 
made by the failure processing circuitry. 
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In yet a further aspect, the invention relates to automatic test equipment 
programmed to measure the duty cycle of an input signal. Such test equipment includes 
a timing generator that generates strobe signals at programmable times; a comparator 
having an signal input coupled to the input signal, a strobe input coupled to the timing 
5 generator, a threshold input and an digital output having a state dependent on the relative 
level at the signal input and the threshold input at a time dictated by the strobe input; and 
failure processing circuitry coupled to the output of the comparator that may be 
controlled to count the number of digital outputs of the comparator indicating that the 
value at the input of the comparator deviates from a programmable expected value. A 

10 software program controls the automatic test system to perform a method that includes: 
running a pattern with the timing generator programmed to produce strobe signals with a 
first time relationship to the signal, the pattern programming the expect value of the 
comparator to be a value indicating that the signal is in a first logical state; iteratively 
altering the programming of the timing generator to produce strobe signals with a 

15 different time relationship to the input signal and re-running the pattern. The duty cycle 
is computed from one or more values counted by the failure processing circuitry 
indicating the total number of comparisons during all iterations of the pattern indicating 
that the value at the input of the comparator deviates from the programmed expected 
value. 

20 

BRIEF DESCRIPTION OF DRAWINGS 
The accompanying drawings are not intended to be drawn to scale. In the 
drawings, each identical or nearly identical component that is illustrated in various 
figures is represented by a like numeral. For purposes of clarity, not every component 
25 may be labeled in every drawing. In the drawings: 

FIG. 1 is sketch illustrating a portion of an automatic test system useful in 
measuring duty cycle; 

FIGs. 2A, 2B and 2C are sketches useful in understanding a method of measuring 
duty cycle; and 

30 FIG. 3 is a flow chart useful in understanding a method of measuring duty cycle. 
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DETAILED DESCRIPTION 
This invention is not limited in its application to the details of construction and 
the arrangement of components set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments and of being practiced or of 
5 being carried out in various ways. Also, the phraseology and terminology used herein is 
for the purpose of description and should not be regarded as limiting. The use of 
"including," "comprising," or "having," "containing," "involving," and variations 
thereof herein, is meant to encompass the items listed thereafter and equivalents thereof 
as well as additional items. 

10 FIG. 1 shows in greatly simplified form, tester 100. TesterlOO may be a 

commercially available tester for example, the Tiger™ test system available from 
Teradyne, Inc. of Boston, Massachusetts. 

Tester 100 includes a differential comparator 116. Differential comparator 116 
can be a portion of the circuitry in a digital channel of tester 100. For simplicity, other 

15 circuitry within the channel is not shown. Likewise, other channels within the tester are 
not shown, but a commercially available tester might have hundreds or over a thousand 
such channels. All channels of the tester need not include differential comparators as 
shown in FIG. 1. However, the techniques described herein are most useful in 
connection with very fast signals. Such signals tend to be represented as differential 

20 signals. If the input signal to be measured is differential, it is desirable that the tester 
resource connected to this pair of pins includes a differential comparator 1 16 as 
illustrated. Conversely, if the input signal to be measured is single-ended, it is desirable 
that the tester resource connected to this pin includes a single-ended comparator. 

Differential comparator 116 produces an output signal indicating the relative 

25 levels of the signals at its positive and negative inputs. In the configuration shown in 
FIG. 1 the positive input of comparator 1 16 is connected to the positive leg Sj n + of an 
input signal Sj n . The negative input of comparator 1 16 is connected to the leg S m . of 
differential signal S in . 

Differential comparator 1 16 has an input that specifies a threshold, V 0( j. When 

30 the value at the positive input of comparator 1 16 exceeds the value at the negative input 
by an amount equal or greater than V 0 d, the output of comparator 1 16 indicates a logical 
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HI. When the difference between Si n - and Si n + is below the threshold V 0 d, the output of 
comparator 1 16 indicates a logical LO. 

The time at which comparator 1 16 makes a comparison is determined by the 
strobe signal generated by timing generator 118. Preferably, timing generator 1 18 is a 
5 programmable timing generator such that the times at which the strobe signal is asserted 
can be programmed. 

Timing generator 1 18 is in turn controlled by control logic 120. Control logic 
120 may be a combination of special purpose hardware and a general purpose computer 
that can be programmed to perform test functions. Control logic 120 also supplies the 

10 signals that set the threshold, V 0 d of comparator 1 1 6. 

The output of differential comparator 1 16 is provided to failure processing 
circuitry 124. Traditionally, failure processing circuitry 124 includes a high speed 
memory that stores the results of comparison made by differential comparator 1 16. 
Preferably, failure processing circuit captures the output of differential comparator 1 16 at 

15 the same rate at which a test pattern is being run by tester 100. To achieve very fast 

operation, failure processing circuitry might compress the data representing a stream of 
outputs from comparator 1 16 for storing it in memory. For example, failure processing 
circuitry 124 might store only those outputs of comparator 1 16 that indicate the 
measured signal did not have the expected value. However, any convenient means of 

20 storing data in failure processing circuitry 124 can be used. 

Tester 100 also includes data analysis circuitry 122. Data analysis circuitry 122 
can be a combination of special purpose hardware and general purpose computers 
programmed to perform data analysis functions. Data analysis could be performed on 
the same general purpose computer that is used to implement control logic 120. Among 

25 the other functions of data analysis circuitry 122, it is in the preferred embodiment 
programmed to analyze the data in fail processing circuitry 124 to compute the duty 
cycle of the signal Sj n . 

In FIG. 1 the signal Si n is shown being generated by a device under test 110. In a 
preferred embodiment, device under test 1 10 is a semiconductor component being tested 

30 during its manufacture. 
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FIG. 2A illustrates a periodic signal on which a duty cycle measurement might be 
performed. Such a signal might be provided as the signal S in to tester 100. A periodic 
signal such as is represented in FIG. 2A might serve as a clock for a digital logic system. 

FIG. 2A shows that the signal S m has multiple periods during which the signal 
5 alternatively takes on a HI value and a LO value. Within each period, the signal has a HI 
value for an amount of time designated T H . The signal has, within that same period, a 
LO value for a period of time T L . There are multiple ways in which the duty cycle of the 
signal S in might be defined. In the examples used herein, the duty cycle is defined by the 
equation 



The values of T H and T L are labeled in FIG. 2 A for only one period of the signal S in , for 
clarity. Each period of the signal has its own value of T H and T L . Duty cycle is typically 
specified based on the average values of T H and Tl for all periods in the signal 
measurement window. In this way, the specification for duty cycle is separated from 

15 specifications of timing jitter. 

FIG. 3 shows a process by which the circuitry of FIG. 1 can be used to measure 
the duty cycle of the signal S m shown in FIG. 2A. The process begins at step 310. At 
step 310 the reference level V 0 d is set. The reference value is typically set at the 
expected midpoint level between the level of signal S m while it is in a HI state and a level 

20 when it is at a LO state. In the example illustrated in FIG. 2A, signal S m oscillates 
symmetrically between positive and negative values. Therefore, setting the reference 
level to zero volts is a suitable value in this example. With this setting, comparator 1 16 
(FIG. 1) will produce outputs of different logical levels for different states of the signal 

Sin* 

25 The process proceeds to step 312 where the strobe time is set. Preferably, the 

strobe time is set to initially be coincident with the start of each period of the input signal 
Si n . This condition is illustrated in FIG. 2B. FIG. 2B illustrates that strobe signals occur 
at regular, evenly spaced intervals, with a time interval between strobes designated as T2. 
Preferably, as illustrated in FIG. 2B, an integer number of strobes areplaced at regular 

30 intervals within each period of input signal Sj n . 
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Returning to FIG. 3, the process proceeds to step 314. At step 314 tester 100 runs 
a test pattern using the reference level and strobe time set at steps 310 and 312. In this 
test pattern, fail processing circuitry 124 is programmed to expect a low output of 
comparator 1 16 for every measurement by comparator 1 16. With this programming, fail 
5 processing circuitry 124 will count a failure for each assertion of the strobe signal at 
which signal S in is in a high state. 

The test pattern initiated at step 314 performs the comparison operation on the 
input signal S m multiple times. The number of measurements made in one run of the test 
pattern is here denoted X. Preferably, comparison operations are performed across 

10 multiple signal input periods to average out the effects of noise-induced jitter in the 

signal or in the measurement process, in keeping with most duty cycle specifications. 
In one example, the value of X is approximately ten thousand. However, a greater or 
lesser number of samples might be taken, depending on the amount of noise in the signal 
or the amount of time available to perform the test. 

15 At the end of the pattern, the processing proceeds to step 316. At the end of a test 

pattern, the number of strobes for which the signal S m had a HI value is equal to the 
number of strobes for which the actual measurement did not match the programmed 
expected value. This value is stored as a fail count within failure processing circuitry 
124. 

20 For a measurement of duty cycle, the pattern run at step 314 will be repeated 

multiple times, here denoted Y. The total number of fails recorded in all repetitions of 
the pattern is denoted as Z. If the fail count kept by failure processing circuitry 124 is 
reset after each pattern, data analysis circuitry 122 accumulates the number of fails in all 
of the patterns used in the process shown in FIG. 3. Data analysis circuitry 122 can read 

25 the failure count at the end of each pattern from failure processing circuitry 124 and add 
that value to an accumulated failure count that is reset at the beginning of the process 
shown if FIG. 3. 

At step 3 1 8, a check is made as to whether the test pattern described at step 314 
has been repeated the required number of times. If not, processing proceeds to step 320. 
30 At step 320, the strobe time set at step 3 12 is incremented. In FIG. 2C, the increment in 
this strobe time is indicated as TV Preferably, each of the strobe times illustrated in FIG. 
2C occurs at a time correlated with the period of the signal Sj n shown in FIG. 2A. 
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However, each strobe time depicted in FIG. 2C occurs an amount of time Ti later than 
the corresponding strobe signal in FIG. 2B. Incrementing the strobe time has the effect 
of measuring the value of the signal Sj n at a slightly later point in the period than was 
measured with the strobe timing illustrated in FIG. 2B. Preferably, the resolution of the 
5 interval Ti is set to a value that is suited to determine compliance of a signal with its 
specifications. For example, if the duty cycle specification calls for a signal to have a 
duty cycle of 50% plus or minus 0.5%, it would be desirable to set a Ti equal to 0.05% of 
the signal period. For example, Ti might equal 1/200 of the period of signal S in . With 
this setting, the value of Y - representing the number of times the pattern is run - could 
10 be 200. 

Regardless of the specific values chosen, the loop containing steps 314, 316, 318, 
and 320 will be repeated until data has been collected for a sufficient number of strobe 
times. Preferably, the number of strobe times will be sufficient that samples have been 
taken at a numerous times relative to the start of the period of the input signal and that 

15 the samples will be evenly distributed across that period. 

When sufficient data is collected, processing proceeds to step 322. At step 322, 
data analysis circuitry 122 may compute the duty cycle. For the formula given for the 
duty cycle above, a value for the duty cycle can be determined by dividing the value of Z 
by the product of X and Y. Preferably, two restrictions be placed upon the values chosen 

20 for Ti, T 2 , X and Y when this formula is used. The first restriction ensures that strobes 
are evenly spaced throughout the measurement range, and is stated as follows: The value 
Y must be a positive integer multiple of the quotient T 2 divided by T { . The second 
restriction ensures that the an integer multiple of signal periods will be measured, and is 
stated as follows. The product of X and T 2 must be a positive integer multiple of the 

25 period of signal Sj n . 

At step 324, the computed duty cycle can be used to alter the manufacturing 
process of the semiconductor components. Various responses to a measured duty cycle 
are possible. For example, the duty cycle measured for device under test 1 10 might be 
compared to a specification for devices of that type. If the duty cycle falls within the 

30 specification, the device might be packaged and sold as a working device. Alternatively, 
if the device under test does not exhibit a duty cycle within the specification, the device 
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might be discarded. Alternatively, the device might be assigned to a speed bin for lower 
speed parts. The device might then be packaged and marked accordingly. 

Alternatively, the results of duty cycle measurements might be used to alter the 
fabrication portion of the manufacturing process. As a further alternative the results of 
5 the duty cycle measurement might be used for calibration or some other process by 
which the duty cycle of the specific device under test is altered. 

The method described above has the advantage of allowing a direct duty cycle 
measurement without the need for special purpose analog instruments. Further, it takes 
advantage of electronic circuitries within the digital channels of the tester 100 that 
10 inherently are capable of operating with high speed signals. Therefore, this technique is 
suitable for measuring high speed signals having data rates of lGb/s or higher. 

The technique also has the advantage of being relatively fast. The speed at which 
this test method can be performed allows it to be performed on every part being 
manufactured without unduly slowing the manufacturing process. Advantageously, the 
15 duty cycle measurement described above can be performed by automatic test equipment 
traditionally used in the manufacture of semiconductor devices. Comparators and failure 
processing circuitry used for traditional high speed digital testing can be employed to 
make duty cycle measurements. 

Having thus described several aspects of at least one embodiment of this 
20 invention, it is to be appreciated various alterations, modifications, and improvements 
will readily occur to those skilled in the art. 

For example, FIG. 2B shows that the strobe time is set to have two samples per 
period of the signal S in - Fewer samples might be taken per period. However, to achieve 
the same results, the value of Y - representing the number of increments in strobe time - 
25 would have to be doubled. Alternatively, the number of strobe times per period of the 
signal Sin could be greater than 2. Preferably, the number of strobe times per period will 
be an even number. Regardless, increasing the number of strobe times per period would 
allow the value of Y to be proportionately decreased. 

Further, it was described above that the strobe time was set to take two samples 
30 per period of the input signal S in . In conjunction with this setting, the strobe increment 
was described to be a fraction of the period of the signal S in equal to the inverse of the 
value Y. With two samples per period, this combination of values creates a situation in 
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which the value Y is an integer multiple of 2 times the quotient of T 2 divided by TV 
Using a value of Y that is an integer multiple of 2 or more times the quotient of T2 
divided by Ti has an additional averaging effect that should further reduce the 
susceptibility of the test method to noise. However, it is not required for proper 
5 performance of the technique. 

Further, it was described that tester 100 includes a differential comparator 116 
which has a programmable offset value V 0 d- Other circuit elements might be used 
instead. For example, the invention is illustrated by a system measuring the duty cycle 
of a differential signal. While duty cycle measurement is particularly valuable in 

10 connection with high speed signals, which tend to be differential signals, application of 
the invention is not so limited and might be employed to measure the duty cycle of single 
ended or other types of signals. For measurements on single ended signals, comparator 
1 16 would be a single-end comparator, rather than the differential comparator illustrated 
in FIG. 1, and the chosen reference voltage would usually be the midpoint of the 

15 expected signal swing. 

Also, the comparator is described as producing a logical signal indicating 
whether the input is above or below a threshold. It is described above that the 
comparator has an output signal with only two possible states. However, some 
comparators output separate signals to indicate separate states. One signal might be 

20 used to indicate the input is above a threshold that indicates a valid HI state and a 
separate signal that indicates the input is below a threshold that indicates a valid LO 
state. Such a comparator indicates more than two states of the signal. It can indicate that 
the signal is HI or LO. It can also indicate that the signal has an intermediate state or 
undefined state. Such a comparator might be used in the process described above by 

25 setting the LO threshold to the desired reference value and the HI threshold to any other 
complementary value. The LO threshold is important because the technique describes a 
pattern that is programmed to expect a logical LO output from comparator 1 16 for every 
measurement by comparator 1 16. The inverse approach of using the HI threshold and 
programming a pattern to expect a logical HI for every measurement by comparator 1 16 

30 is also valid, but the equation to calculate duty cycle would need to be amended slightly 
in accordance with this approach. 
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Further, samples are described as being collected over a range of strobe times by 
incrementing the strobe time between patterns. The order in which the samples are 
collected is not significant. Any order of collecting samples that results in the same 
distribution of samples over the interval of the signal of interest should produce 
5 acceptable results. Preferably, the distribution of samples should be uniform over the 
interval of interest. 

The principles of this technique may also be combined with the use of timing 
edge searches to optimize test time by reducing the required iterations of the pattern 
described by the value Y. In this approach, the spacing between strobes designated by 

10 the value T 2 must be synchronous with the period of the input signal Sj n . This is the case 
if there is consistently a positive integer multiple of strobes per period of the signal S in or 
vice versa. In this test time optimization, timing edge search techniques would be used 
to quickly determine a coarse timing range within the period of the signal Sj n that 
contains voltage transitions. The data collection process represented by the loop in steps 

15 3 14, 3 16, 3 18 and 320 from Figure 3 would then only be required within this narrower 
range in which signal edges are known to occur. Everything outside of this range can 
reliably be predicted to have a fail count Z equal to half of the total number of strobes X. 
As an example, if it is found that voltage transitions occur only at a strobe position N 
plus or minus 5% of the signal period, the product of Tl and Y can be reduced to cover 

20 only this 10% portion of the signal period, resulting in an order of magnitude decrease in 
the required number of process iterations. 

Such alterations, modifications, and improvements are intended to be part of this 
disclosure, and are intended to be within the spirit and scope of the invention. 
Accordingly, the foregoing description and drawings are by way of example only. 

25 What is claimed is: 
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